



































































































































being shipped in Trupact containers. This waste
#: was destined for the WIPP program as well,

High Integrity Containers. A first-of-a-kind,
high integrity container (HIC) was developed and
tested by the U.S. Department of Energy, and
approved by the State of Washington for use in dis-
posing of 46 EPICOR-II prefilters from TMI-2.
Fifty prefilters were transported to the INEL for
storage, research, and disposition. The disposal
demonstration of one EPICOR-II prefilter con-
tained in an HIC paved the way for GPU Nuclear to
dispose of 46 prefilters individually contained in
HIC:s at the waste disposal facility operated by U.S.
Ecology, Inc. in the State of Washington. [Four
prefilters are being held in storage by the DOE for
research by the NRC.]

EPICOR-1I prefilters contained as much as
2200 Ci of radioactive isotopes. That amount of
radioactivity exceeded criteria outlined in
10 CFR 61 for disposal as Class C low-level radio-
active waste, unless the ion exchange media in each
prefilter was either (a) solidified, or (b) the prefil-
ter was totally enclosed in an HIC before disposal.
A reinforced concrete HIC seemed the more attrac-
tive alternative for disposal of EPICOR-II prefil-
ters, after economic and engineering evaluations
projected the HIC to be cost-competitive with
solidification. That projection was affirmed after
the disposal demonstration.

One important outcome of the EPICOR dis-
posal demonstration was the achievement of regu-
latory approval for use of the concrete HIC.
Approvals were required from regulatory authori-
ties at a time when the regulatory position on HICs
was not well established, criteria for HICs were still
being developed, and the HIC concept was rela-
tively untested. The regulation 10 CFR Part 61,
“Licensing Requirements for Land Disposal of
Radioactive Waste,"” established a waste classifica-
tion system based on radionuclide concentrations
in the wastes. Class C wastes, like the EPICOR pre-
filters, must be stabilized. The “Technical Position
on Waste Form” by NRC gave guidance for stabil-
ity (e.g., solidification or use of high integrity con-
tainers), along with criteria for high integrity
containers. However, that technical position was
formative at the start of the DOE effort to dispose
of EPICOR-II prefilters.

The approval process for use of the HIC took
approximately four years and involved the coopera-
tion of federal and state agencies, a pubiic utility,
and private industry. The process was a pathfinder;
therefore, it is believed that much of the regulatory
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deliberation will be shortened for similar approval
actions for other types of HICs. Figure 24 presents
a network for achievement of the goal to develop
and use the EPICOR/HIC. Shown are paths of
(a) requirements identification, (b) development/
testing, (c) licensing, (d) fabrication, (e} research,
and (f) transportation. Figure 24 illustrates the
complexity involved in that approval process and
connotes the importance of the disposal demon-
stration,

Since enactment of the Low-Level Radioactive
Waste Policy Act of 1980 (PL 96-573), groups of
states have entered into compacts for the purpose
of mutually resolving disposal of low-level radioac-
tive wastes. A disposal facility would be established
in and operated by a “host” state for the benefit of
the participating compact members and at the
exclusion of other states. Although compacts are
formed, no low-level waste disposal facilities have
been established to date,

Part of the difficulty in establishing low-level
waste disposal facilities is the debate over whether a
facility should be below ground (e.g., shallow-land
burial or deep below surface) or above ground
(e.g., on a concrete or asphalt pad). The solution to -
this difficult problemn may be the HIC, or a varia-
tion of it.

The concrete HIC, developed for disposal of
EPICOR-II prefilters from TMI-2, is durable,
licensed, and tested, and is equipped with a one-
way vent system for the exhaust of gases produced
inside. It would be relatively simple to adapt its
design and scale its dimensions up or down accord-
ing to need. In this way, the container could be used
for both above-ground storage and below-ground
disposal of low-level radioactive wastes, for it is :
durable, capable of withstanding mechanical
deformation, resistant to internal and external cor-
rosion, reinforced internally to withstand high
pressures (should the vent system in the lid fail),
inspectable externally, and designed to provide
some radiation shielding; it is a cost-competitive
alternative to solidification of Class C or greater
low-level radioactive wastes. :

Instrumentation and Electrical
Equipment

Parformance. The accident at TMI-2 provided

an opportunity to evaluate a variety of instrumen-
tation and electrical equipment for the effects of
exposure to moderately severe accident conditions
including steam, spray, and radiation, as well as
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Figure 24. Achievement network for development and use of EPICOR/HIC.
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hydrogen burn and the resultant overpressure. The
examination of this equipment over a period of sev-
eral years also provided information on long-term
exposure to moisture. The TMI-2 Instrumentation
and Electrical Program was established by the
Department of Energy to recover as much of this
information as possible. Although the primary
thrust was the evaluation of the survivability and
performance of safety equipment, the program
revealed many weaknesses in the way we design,
install, maintain, and test both safety and balance-
of-plant equipment. Safety-related equipment per-
formed quite well, with the only failures being
pressure transmitters and motor-operated valves
located in the basement that were eventually
flooded. These findings reported here apply to all
nuclear power plants, since equipment at TMI-2
was not unique and the observed problems can hap-
pen in a normal operating plant,

Design. During the course of the evaluation of
the eftects of the accident on the instrumentation,
it became evident that many of the observed fail-
ures resulted from improper specifications of
equipment.

The reactor building of a normal operating
nuclear power plant creates a harsh environment
for electrical equipment and instrumentation. Tem-
peratures reach 130°F, some areas experience
intense radiation fields, humidity levels are high,
and building integrated leak-rate tests create differ-
ential pressures in excess of 60 psig. Nevertheless,
there is little that distinguishes the balance of plant
equipment installed in the TMI-2 reactor building
from equipment serving a similar function in the
auxiliary or turbine buildings. Examination of
electrical equipment which failed as a direct result
of the accident revealed that the failures were also
likely to occur as a result of long-term exposure to
the normal operating environment.

Instaliation. The dominant failure mode of the
‘I'MI-2 instrument and electrical equipment was
due to corrosion. Water and vapor intrusion into
the equipment housings caused erratic readings and
ultimate failure. Where a reliable seal existed at the
cable entry into the I&E equipment housing, the
internals were generally not corroded and the
instrument or electrical equipment was operable.
The installed configuration of some equipment
clearly played a major role in their failure under
accident conditions. In some cases, these problems

- resulted in failures during the first 24 hr after the
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accident. The findings demonstrate that even sim-
ple installation requirements, if incorrectly per-
formed, can degrade the ability of the equipment to
function as designed. Particular care should be
taken with conduit and junction box seals, drains
and vents, and the sealing of connector backshells
to protect against moisture intrusion. Design prac-
tices should take into account those field activities
that are critical so that installation problems are
minimized. Installation practices should be con-
trolled to assure they do not degrade the equipment
design and application engineering requirements.

Maintenance and Testing. Analysis of failed
instrumentation and electrical equipment at TMI-2
indicated that in some cases, inadequate mainte-
nance and testing activities may have been contrib-
uting factors. For example, it was necessary to
remove the dome monitor during containment
leak-rate testing. This removal required opening the
sealed container with the risk of damage to the
monitor seal and connectors. This instrument later
failed due to moisture intrusion. Many other com-
ponents are similarly affected during the contain-
ment leak-rate tests. Considering the NRC
statistical data relating that 35% of the abnormal
plaat occurrences are maintenance-related, it is an
obviously prudent measure to minimize
maintenance-related activities which may lead to
equipment failure. In a case such as this, specifying
aad procuring equipment able to withstand other
plant tests without modification or removal should
wTprove equipment reliability. Likewise, designing
tests to maximize data for maintenance decisions
while minimizing the disturbance of equipment
seals will improve equipment reliability.

In-Situ Test Methods. There has been a great
deal of interest in the Electrical Circuit Characteri-
zation and Diagnostic (ECCAD) System. The
ECCAD is a computer controlled measurement
system designed to characterize electrical circuits in
nuclear plants. EG&G Idaho, Inc. developed the
system at the INEL for the U.S. Department of
Energy in order to assist in the selection of electri-
cal equipment for removal from the TMI-2 contain-
ment for extensive examination in the laboratory.
The ECCAD system was designed to distinguish
small differences in the electrical characteristics of
different circuits and to identify anomalies. Follow-
up laboratory analysis has proven just how success-
ful the ECCAD system can be at distinguishing
between normal and degraded circuits. The
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ECCAD system can perform a similar function at
normally operating nuclear plants or in any indus-
try which relies on a large number of critical electri-
cal circuits. The ability to detect an impending
failure and correct it before it becomes a problem
will pay dividends in increased plant reliability and
capacity.

This was recognized by Southern California

Edison who contracted with the Department of
Energy to test circuits at their San Onofre Site.
They used it to establish a technical basis for even-
tual plant-life extension. The Department of
Energy also worked with Duke Power Company to
conduct a pilot program at their Oconee nuclear
facility. The work is presently in progress and DOE
has provided equipment and two system experts. In
June 1986, a company in the private sector, Pentek
Corporation, started marketing ECCAD equip-
ment and services. The EPRI Maintenance Equip-
ment Application Center has demonstrated the
ECCAD system to representatives of the nuclear
power industry and a number of utilities are consid-
ering adding this system to their maintenance pro-
grams. '

Interest in the ECCAD system has not been
restricted to the private sector. United Nuclear Cor-
poration has requested one of the TMI-2 ECCAD
systems and training services in order to support a
plant-life-extension program they are developing at
the DOE Hanford site.

The ECCAD technology is also being used to
support other activities. At present, a research pro-
gram is being supported by the NRC to develop an
in situ method of evaluating the functional condi-
tion of solenoid valves by analyzing inrush current.
ECCAD equipment is being used for data acquisi-
tion. Southern California Edison is supplying the
valves and Pentek Corporation is performing the
work.

It is highly likely that ECCAD-type diagnostic
systems will eventually become standard mainte-
nance equipment at most electric utilities, both

nuclear and nonnuclear,

Industry Standards Development

IAEA. The TMI-2 Program is involved with
TIAEA in the development of a technical report on
“Handling and Treatment of Radioactive Waste
from Unplanned Events at Nuclear Power Plants.”
The report will provide information on state-of-
the-art technology for waste management systems
and processes regarding the handling and treatment
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of wastes that have arisen from unplanned events at
nuclear power plants. More importantly, the report
will discuss which processes are the most effective
for different waste forms and curie content. A user
will be able to determine the best system available
for his particular problem and the one which will
generate the smallest total waste volume.

ANS. The TMI-2 Program is involved with a
number of standards groups in the development or
revision of industry standards. TMI-2 has much
information and experience on the performance of
in-containment radiation monitors. Working with
an American Nuclear Society Standards Group,
TMI-2 Program results are being applied to a new
standard for the design and use of both portable
and permanent in-containment radiation moni-
tors. ANS Standard 5.7.2 deals with the radiologi-
cal design criteria for postaccident radiation
monitoring,.

This standard will benefit the nuclear power
industry by incorporating important information
on postaccident radiation monitoring not available
in current standards on the subject. Issues to be
addressed include requirements to assure that
postaccident instrumentation will be functional
when needed and precautions required to avoid
misinterpretation of postaccident data. This stand-
ard will reflect the lessons learned from detailed
analyses of instrument failure modes at TMI-2. It
will also reflect the experience of utilities in seeking
to meet post-TMI-2 regulatory requirements.

ANSL. The TMI-2 Program is also working with
the American National Standard Institute (ANSI)
on the development of a new standard, ANSI
N42.17B-D3.

The objective of this standard is to provide basic
design and performance criteria for instruments
and instrument systems used to continuously sam-
ple and measure airborne radioactivity concentra-
tions, i.e., continuous air monitors (CAMs). The
standard includes performance testing criteria for
use in generic (type) tests of new instrument
models. Included in this standard are both gaseous
and particulate gross radioactivity monitors, as
well as monitors for specific radionuclides or
groups of radionuclides, used for radiation protec-
tion purposes. Instruments that provide monitor-
ing of ambient airborne radioactivity by measuring
the external radiation field associated with the air-
borne radioactivity (i.e., direct radiation monitors)
are also covered, as are instruments designed to
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divide the airborne radioactivity into two or more
specific components or fractions and monitor each
independently.

IEEE. An extensive instrumentation and electrical
equipment examination program provided a num-
ber of important results for industry. Although
some design flaws were detected in electrical equip-
ment and instruments, these were not nearly as
prevalent as deficiencies in installation, mainte-
nance, and surveillance testing as causes of failure.
Consequently, the TMI-2 Program has been
involved with “Subcommittee 3, Operation, Sur-
veillance and Testing,” of the Nuclear Power Engi-
neering Committee (NPEC). NPEC is a
subdivision of the Institute of Electrical and Elec-
tronic Engineers (IEEE). The standards under
development deal with improved maintenance and
surveillance practices.

Industry Actions from Lessons
Learned .

The effect of the 1979 TMI-2 accident on utilities
has not only resulted in imp'lememing improve-
ments in operational practices, personnel training,
staffing, and plant design, but it has also perma-
nently changed the way utilities view their role
within the nuclear industry. Utility dedication to
self-improvement and self-regulation is evident
through their participation in the various utility-
supported organizations and by greater invoive-
ment on the part of management in all aspects of
nuclear operations. Utilities are now working
together more effectively than ever before.
Improved communications, solutions to technical
issues, data availability, and design reviews are
examples of areas of unification that contribute to
increasing the reliability and safety of plants.

The following sections summarize the actions
taken by nuclear utilities resulting from the *les-
sons learned” at TMI-2.

Improved Standards. The nuclear utilities cre-
ated the Institute of Nuclear Power Operations
(INPO), an organization whose purpose is to pro-
mote greater levels of safety and reliability on the
part of every nuclear utility. INPO developed a set
of criteria and an evaluation program for measur-
ing the performance of nuclear power planis. The
evaluation process has provided the industry with a
siandard approach in establishing benchmarks for

excellence. To date, 78 “Gooa Practices” have been

established, identifying sound industry practices.
INPO has completed over 200 on-site plant evalua-
tions as a mecans of assisting utilities in meeting
improved industry standards. The plant evalua-
tions are performed in the following major areas:

Organization and administration,
Operations,

Maintenance,

Technical support,

Training and qualification,
Radiological protection,
Chemistry, and

Emergency preparedness.

Improved Communications. Each member util-
ity has been required to establish a program to pro-
vide feedback of operating experience from their
own nuciear plants and from experience through-
out the industry. The response of industry, in estab-
lishing INPO to carry out this function, along with
numerous others, has been cutstanding. Several
programs have been established to improve com-
munications including: Significant Event Evalua-
tion and Information Network (SEE-IN), the
Nuclear Plant Reliability Data System (NPRDS),
and NUCLEAR NETWORK.

SEE-IN provides for the systematic collection,
analysis, and sharing of information on operating
events. SEE-IN acts as an early warning system for
potentiaily serious events.

More than 9,000 events a year are analyzed at
INPO. Each event is analyzed by two different peo-
ple to ensure a thorough review. Lessons learned
from these events are transmitted as Significant
Event Reports (SERs) to INPO members.

Significant events are studied further and, in
some cases, INPO finds that an event has generic
significance to a large segment of the industry. In
these cases, INPO provides Significant Operating
Experience Reports (SOERs) to members and par-
ticipants. These reports provide recommendations
on actions the utilities can take to prevent a further
recurrence of the incident.

The Nuclear Plant Reliability Data System, or
NPRDS, is another program that falls under
INPO’s events analysis activities. NPRDS is a vol-
untagry program in which utilities track the per-
formance of key nuclear plant systems
components. Utilities do this by reporting two
kinds of data: (a) baseline engineering data and
design characteristics for these components, and
(b) failure reports that are submitted whenever
components fail to perform their intended




function. Currently, the NPRDS engineering data
base is more than 90% complete. When complete,
INPO expects to have approximately 410,000
records. This is more than double the nuinber of
reports on the system at the end of 1983.

The number of failure reports also has increased
dramatically. At the end of 1984, there were
21,700 failure reports on the system. That number
stood at 30,000 in mid-1985.

NUCLEAR NETWORK is a worldwide,
computer-based communications system. INPQO’s
55 member utilities, 13 international participants,
and 13 supplier participants routinely use the 25
separate channels in this system. Each channel is
dedicated to a particular subject (e.g., instrumen-

widely. Then, some were very modest. Today, utili-
ties are applying the latest techniques of job analy-
sis and training program development to ensure
that this training is performance-based and that the
required knowledge and skills are developed and
demonstrated by all operators. This expanded and
systematic approach has brought about tremen-
dous improvement in training in recent years.
Through INPO, the industry has established a
system to accredit utility training programs for
operations, maintenance, and technical support

~ personnel. Accreditation requires utilities to meet

tation). Today, an average of 50 entries is posted

each day.

Another example of improved utility coopera-
tion and better communications is the proliferation
of utility owners’ groups. Some of the owners’
groups are oriented to address a specific technical
or regulatory issue, while others, such as the
vendor-oriented owners’ groups, address a broad
spectrum of generic issues. The vendor-oriented
owners’ groups were originally established after the
TMI-2 accident to respond in a timely manner to
the avalanche of *“lessons-learned” requirements
emanating from the NRC. This approach has been
effective in making available technical resources in
a manner that is timely, cost-effective, and uniform
for all plants of similar design. Today, these own-
ers’ groups provide a forum for joint discussions
and resolutions of generic issues through effective
communications between members and oiher
organizations such as EPRI, INPO, and AIF. The
owners’ groups review commitments made by
industry management on generic issues and volun-
teer to address those issues where the group can
make an effective contribution towards satisfying
the industry commitment.

' Training. The TMI-2 accident has been attribﬁted

in large measure to the lack of adequate operator
training and staffing, along with inadequate con-
trol room design. To remedy these shortcomings,
NRC increased operator training and examination
requirements to include studies in heat transfer,
fluid flow, and thermodynamics, with applications
for understanding plant transients and mitigating
core damage.

Nuclear Plant Training is dramatically different,
better, and more comprehensive now than it was in
1979. At the time of the TMI-2 accident, nuclear
plant training programs by the utilities varied
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established standards which are used to measure

. the quality of their training program content,

instructor qualifications, and training facilities.
The final decision on whether a utility meets these
standards is made by an independent accrediting
board.

Simulators have been recognized as one of the
most effective training devices for operators. In
1979, there were 10 simulators in operation in the
United States. Now there are 70 of these multi-
million dollar machines operating, under construc-
tion, cr planned.

As a result of the increased emphasis on training,
utility staffs now include more than 2,100 full-time
training personnel, almost 1,700 of whom are
instructors. That’s an average of 25 instructors for
each plant operating or under construction, more
than four times as many as in 1979.

In September 1985, U.S. nuclear utilities
affirmed their commitment to training excelience
by forming the National Academy for Nuclear
Training. The academy provides training programs
aimed at providing properly irained and qualified
personnel to operate nuclear power plants.

NRC has reduced their invoivement in establish-
ing rules on the training of nuclear plant personnel
and vested prime responsibility for training and
accrediting these personnei to INPO.

Every operating nuclear plant is now required to
have a degreed Shift Technical Advisor and two
Senior Operators on each shift, with one Senior
Operator always in the control room. A Senior
QOperator with the appropriate degree can also meet
the requirement for a Shift Technical Advisor, if the
utility so designates an individual. Each licensee
has evaluated the administrative, non-safety-
related duties of his shift supervisors and made
reassignments to ensure their attention is focused
on safe plant operations. Limits have been estab-
lished on the amount of overtime work that can be
performed by operating shift crews and key mainte-
nance personnel.
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INPO also provides human performance criteria
on the development of writing guides for plant
operations and maintenance procedures. INPQ’s
writing guidelines provide guidance in the area of
technical content and human factors consider-
ations such as procedure format, use of illustra-
tions, and clear writing techniques.

Human factors engineering has been applied to
certain required design changes, which include:

e Control room safety-parameter display

console,
s~ Valve position indicators,

¢ Auxiliary feedwater system initiation and
flow instrumentation,

e Instrumentation for detecting inadequate
core cooling, and

e Accident radiation monitoring.

Plant Modifications. There have been several
major equipment, instrumentation, and technical
design improvements incorporated into nuclear
power plants as a result of the TMI-2 accident
enforcement actions. These include:

e Installation of safety parameter display
systems in control rooms,

e Control-room-operated venting capability
of reactor coolant system and reactor
vessel, B
Shielding for access to vital areas,

Safety and relief valve positive position
indication,

® Redundancy of Hy recoibiners or purge
systems,

¢ Noble gas effluent monitors and postacci-

“#.  dent sampling of iodines and particulates,

e Continuous indication of containment
pressure, water level hydrogen concentra-
tion, and inadequate core cooling,

¢ Emergency power to the pressurizer

_ heaters, and
- e Emergency power supplies for pressurizer
relief valves, block valves, and level
indicators.

In May 1980, the NRC published the TMI-2
Action Plan, a comprehensive list of 176 action
items involving 364 detailed tasks judged necessary
to improve utility operations and NRC’s regulation
of nuclear power plants. Identified as the responsi-
bility of the utilities were 39 items covering
132 tasks. Of these tasks, 39 involved equipment
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backfit items. Approximately 90% of the utility
action items on operating reactors are now com-

- Emergency Response Planning and Prepared-

ness. One of the most significant “lessons-
learned” from the TMI-2 involved emergency
programs. It was determined that the nuclear utili-
ties would have to improve their emergency pro-
grams, which led to requirements in the following
areas:

¢ Emergency preparedness organization and
administration,

Emergency plan,

Emergency response training,

Emergency facilities, equipment, and
resources, .
Emergency assessment and notification,
Personnel protection, :
Emergency public information,

Inplant radiation monitoring, and
Accident monitoring (noble gas, iodine,
containment radiation, containment pres-
sure, containment water level, and hydro-
gen gas concentrations).

These requirements led to numerous plant modi-
fications, retrofits, and INPO support efforts.

INPO supports industry efforts in the emergency
preparedness area with special assistance visits,
evaluations, and other programs. They have con-
ducted many assistance visits to help utilities estab-
lish effective programs and made observations of
emergency drills to achieve performance-based
evaluations of emergency preparedness programs.

INPO also acts as a clearinghouse for requests
for assistance in case of an emergency at a nuclear
plant. INPO has published and distributed an
emergency resources manual that contains compre-
hensive information on available resources
industrywide. Additionally, they maintain an emer-
gency response center, through which they can
coordinate assistance to a member utility.

To date, fifty-two utilities have agreed to and
signed two voluntary assistance agreements con-
cerning emergency preparedness. The agreements
pave the way for uninhibited assistance by any and
all utilities in case of a plant or transportation
emergency by addressing potential legal or other
barriers in advance.

In addition, Utility Owners’ Groups have devel-
oped generic operating guidelines for each type of
reactor that simplify the operator approach to




analyzing and responding to plant transients. These
efforts include: (a) develop new procedures using
the guidelines; (b) validate the procedures on plant
simulators; and {c) train and requalify the licensed
personnel in the use of the procedures. This resulted
in the development of “symptomatic”- rather than
“event”- oriented procedures. In effect, the human
factors concept was integrated into the operating
pvocedures. The use of symptomatic procedures
takes the guesswork out of operational transient
response and directs the operator attention to cor-
recting the symptoms. Symptomatic-oriented proce-
dures, unlike event-oriented procedures, provide the
operator with the capability to respond to all possi-
ble accident scenarios.

Resuits of Implementation of ‘‘Lessons
Learned.” While it is impossible to quantify pre-
cisely the impact of “lessons learned” on the
nuclear power industry, it is clear that a number of
improvements have been made since the TMI-2
accident. Areas of improvements include:

¢ Unplanned Reactor Shutdowns

In the area of unplanned automatic reactor
shutdowns, the U.S. utility industry has
shown progress since 1980. During 1980, the
industry experienced an average of
6 scrams/commercial unit while sy.'chro-
nized tc the grid. By 1984, that number had

dropped to an average of 3.5 scrams/-

commercial unit.

e Plant Performance

Plant performance has improved as indi-
cated by the number of significant events
occurring at U.S. nuclear plants. During
1981, records indicate that an average of
1.64 events occurred for each of the 69
U.S. units operating. This number has
been declining each year. Since 1984, it has
stood at 0.7 events for each of the operat-
ing units. '

e Plant Reliability

Two indicators—forced outage rates and
equivalent availability— provide examples
of plant reliability. Trends in these areas
remained nearly steady for the years 1980
through 1984.

®  Thermal Performance

The U.S. industry measures thermal per-
formance by heat rate, or BTUs per kilo-
watt hour. A low heat rate reflects
emphasis on thermal efficiency and atten-
tion to detail in maintenance. The U.S.
industry’s overall thermal performance
shows a slight steady improvement from
1980 to 1984.

e Radiation Control and Exposure

In the area of radiation control and expo-
sure, the U.S. industry has shown
improvement. At both boiling water and
pressurized water plants, the U.S. industry
has reduced the average collective exposure
per unit from 1980 to 1984.

e Radioactive Waste

Both PWRs and BWRs have reduced the
amount of radioactive waste shipped from
1980 to 1984,

e Lost-Time Accidents

The industry’s lost-time accident rate
showed significant improvement from
1980 through 1982. Since that year, the rate
has been steady.

There is clear evidence that the U.S. nuclear
power industry is experiencing the benefits of their
efforts, and that nuclear power plants are more reli-
able and availability has been enhanced.

Accident Evaluation Program

The TMI-2 accident was unique in two important
features relative to severe accident and source-term
research. First, the accident occurred in a commer-
cial LWR under thermal-hydraulic conditions typi-
cal of a large family of hypothesized severe
accidents. Second, the damage to the core has been
confirmed to ve more severe than the existing severe
fuel damage experimental data base. Because of
these unique features, the accident offers the poten-
tial of increasing .our understanding of many
currently unresolved severe accident and source-

_term technical issues.
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The major unresolved technical issues have been
identified by extensive review studies by the techni-
cal community. These include U.S. Nuclear Regu-
latory Commission (NRC) review, based on the
results of the Severe Accident Research Program;
the Industry-sponsored Degraded Core Research
Program (IDCOR); and extensive technical reviews
by the American Nuclear Society, the American
Physical Society, and DOE. Twenty-nine major
technical issues were identified in these reviews.
Because damage during the TMI-2 accident was
primarily limited to the core and reactor vessel, the
utility of the TMI-2 data is related to those techni-
cal issues associated with in-vessel core degradation
and fission product behavior before vessel failure,

Based on technical issues which TMI-2 can
impact, the objectives of the TMI-2 Accident Eval-
uation Program are:

¢ To understand the physical and chemical
state of the TMI-2 core and related struc-
tures and the external influences which
affected the accident,

» To understand what happened during the
accident and to provide a qualified data
base and standard problem of the TMI-2
accident to provide a benchmark for
severe-accident analysis codes and
methodologies,

¢ Tounderstand the relationship between the
phenomena and process controlling the
accident and the important severe-accident
and source-term technical issues, and

¢ To ensure that the results of the program
are effectively transferred to the nuclear
“adustry.

Those specific “in-vessel” technical issues for
which our understanding can be significantly
improved thrcugh additional TMI-2 research are
identified in Table 2 and include questions related
to reactor system thermal-hydraulics, core degrada-
tion, and fission product behavior.

Recent TMI-2 characterization and analyses
have provided the basis for an improved under-
standing of the accident scenario, including the
core damage progression during the accident.
important research findings to date include:

e When the high-pressure injection was initi-

ated at 200 mir, core cooling resulted.

- However, the molten, consolidated core

" material continued to heat up, despite the
presence of water surrounding the crust.
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e There is no evidence indicating that a
steam explosion occurred when the crust
surrounding the consolidated molten core
material failed, allowing approximately
10% of the total core mass to fall into the
water-filled lower plenum.

e The presence of water in the lower plenum
terminated the accident progression and
prevented failure of the reactor vessel lower
head.

¢  TFission product release from the fuel and
the RCS is very sensitive to the volatilitiy
of the individual elements of chemical spe-
cies. Release of the high-volatile fission
products (iodine and cesium) was Iess than
expected (especially of cesium, up to 20%
of which was retained in the previously
molten core material that relocated to the
lower plenum). Retention of the medium-
and low-volatile fission products in the
reactor pressure vessel was nearly com-
plete, although significant amounts of
antimony and ruthenium were released
from the fuel and are believed to be bound
to metallic surfaces in the reactor vessel.

Important questions relative to core failure and
relocation of the molten core material remain to be
answered. Perhaps the most important of these is,
“What was the mechanism or mechanisms leading
to failure of the crust surrounding the molten con-
solidated core?”’. There appear to be several plausi-
ble failure mechanisms; however, an unequivocal
answer to this question will require additional
inspection of the core crust in the east quadrant and
sample acquisition and examination of the crust
material to determine its composition, material
interactions, and physical and chemical properties.
Additional inspections of the core region in the east
quadrant of the vessel are necessary to determine if
the crust failure was localized or global in nature,

Another important question yet to be answered
concerns the extent of damage to the reactor vessel.
Additional inspection and sample examination
data are necessary to adequately characterize the
lower plenum debris and possible damage to the
pressure vessel lower head and instrument tube
penetrations.

Supporting analysis is necessary to interpret the
data and improve our understanding of the forma-
tion of the degraded core and eventual failure of the
supporting crust. Analysis is also needed to better
estimate the interaction of the molten core materiai
with the vessel coolant, formation of core debris,




Table 2. TMI-2 related severe accident and source-term technical issues

RCS Thermai-Hydraulics

e Coupling along core degradation, RV thermal-hydraulics, fission product behavior, and hydrogen

generation .
e RV natural circulation
Core Damage Progression
Damage progression in core
Core slump and collapse
Reactor vessel failure modes
Hydrogen generation

Fission Product Behavior

o Release of lower-volatility fission products

e Chenical reactions affecting fission product transport (includes chemical form)

Tellurium behavior

Vaporization and relocation of control rod materials

and long-term cooling of the degraded core materi-
als, both within the original core boundaries and in
the lower plenum.

Application of future TMI-2 research towards
resolution of the relevant technical issues will be
very much dependent upon demonstrating a con-
sistent and comprehensive understanding of the
accident with respect to core damage progression
and fission product release and transport; develop-
ing this understanding is our most important pro-
gram objective. Considerable progress in
developing the accident scenario has been made but
additional work is necessary. The following infor-
mation wiil be developed: more realistic tempera-
ture bounds during the initial core heatup; the
extent of fuel relocation and resulting configura-
tion of the noncoolable core regions; core reloca-
tion into the lower plenum; the physical and
chemical interactions between the molten core
materials and the lower plenum siructures (includ-
ing the reactor vessel); and the formation of a
coolabie configuration within ihe lower plenum.
These questions will be resolved through additional

sample acquisition and examination of the core and
reactor vessel materials and supporting analysis to
integrate the examination results, the plant
thermal-hydraulic response as characterized by on-
line instrumentation during the accident, and other
independent severe fuel damage research. This will
provide the desired understanding of the core dam-
age progression and resulting fission product
release (i.e., the accident scenario). The unresolved
questions regarding the TMI-2 accident progres-
sion discussed above have almost a one-to-one cor-
respondence to the outstanding severe accident and
source-term technical issues (summarized in
Table 2) which have impacted the nuclear industry.
Continuation of the TMI-2 Accident Evaluation
Pirogram will achieve the following objectives:
(a) complete our understanding of the TMI-2 acci-
dent, including the end-state distribution of fission
products; (&) provide the opportunity to apply the
TMI-2 research results towards resoiving the more
general severe accident and source-term technical
issues; and (c) ensure industry coordination and par-
ticipation in defining and carrying out the program.
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